IT is, perhaps, rashness on my part to attempt to appraise the work of Richard Lower, and a natural hesitance would prevent me from doing so, were it not for the fact that I may thus be able to call attention to one of Oxford's greatest doctors, whose true contribution to medicine and to its ancillary sciences has never been adequately acknowledged. Even so I would refrain, if I had not recently spent much time in the preparation of a translation of his Tractatus de Corde, etc., and in the collection from various sources of the all too scanty details of his life [1]. I feel, in a word, that this final problem has to be tackled before I lay down the pen, and I am willing to apologize in advance for any shortcomings in the result, if I can in any way establish more securely Lower's prestige.
Sleep soon attacks us beside a slow and gently-murmuring stream, but we are excited rather by fear and kept awake beside eddies and cataracts. (De Corde, p. 132.) These are the chiei effects, which follow changes in the heart's movement as one's shadow does one's body. (Ibid., p. 133.) While night and day, then, and sleep and waking hours, follow each other in mutual succession, the position of the body is erect or recumbent according to the needs of nature. (Ibid., p. 134.) He realized the difficulties of experimental physiology, and was ever ready to supplement his conclusions by pertinent clinical observations. The first research Lower did was with Thomas Willis on the nervous system. It remains a puzzle that two men scientifically so different worked together with such harmony, but there is no doubt to whom the real value of Cerebri Anatome is mainly due. Wood, speaking of Lower, says: " Willis, whom he helped or rather instructed," while Stubbs (quoted in [1] ) draws a picture of Willis making d priori hypotheses, and turning them over to Lower for him to see, by actual investigation, if nature agreed with these theoretical deductions. Lower does not seem to have been disturbed by the alliance with one so much his scientific inferior, and Willis acknowledges his debt to Lower in terms of a generosity seldom equalled, where in the preface he says:-But for the more accurate accomplishment of this task I had not sufficient leisure, and, perhaps, not sufficient ability, so I was not ashamed to summon the helping hands of others. I employed the assistance and co-operation of Richard Lower, a doctor of outstanding learning and an anatomist of supreme skill. The sharpness of his scalpel and of his intellect, I readily acknowledge, enabled me to investigate better both the structure and the functions of bodies, whose secrets were previously concealed. With him as my companion and collaborator, scarcely a single day passed without some anatomical dissection; hence in a short space of time everything about the cerebrum and its appendage within the skull seemed clearly revealed and thoroughly explored by us. After this, when we were entering upon a much more difficult task, the dissection of the nerves, the really wonderful dexterity of this worker and his untiring perseverance were conspicuous in the extreme, and no obstacle could withstand his effort. Tracing most accurately, wherever they wandered, all the branchings of any particular nerve, however small, or however buried among other bodies or complex; unravelling the twistings of the branches and offshoots of any particular pair in their long and widespread course: he set down with his own hand outlines or plans of the same, such as appear in this treatise, as well as of many blood-channels. So that these, on their appearance, should be faithful and scrupulously correct, without any suspicion of untruth or damaging mistakes, he saw to it that the plate contains scarcely any small line or most slender channel, the shape and exact character of which were not proven by reference to several animals, killed for that particular purpose.
We may, tben, give Lower a great part of the credit for this work, and, while it is unnecessary to discuss it at any length (this has already been done by Foster), and it would be difficult in any case to know exactly how much to attribute to Lower, it is worth while to mention that the classification of cranial nerves given in 1664 held sway until the publication, in 1778, of Samuel Thomas von Soemmerring's De basi encephali et originibuts nervorum cranio egredientium libri quinque (Garrison). The spinal accessory nerve was also first described in Cerebri Anatome (ibid.). It must remain a matter of regret that the physiology of nerve was not so far advanced as that of the circulation, in 1664, but we can at all events say that Lower had as good a knowledge of the nervous system as any of his contemporaries.
Passing over his Diatribae T. Willisii de Febribus Vindicatio, 1665, and the evidence it affords of Lower's power of writing a defensive pamphlet, we come to his chief publication, Tractatus de Corde, etc., London, 1669, a remarkable work when we consider that it appeared only forty years after Harvey's book, one, too, which has much in it that reads like a modern writing. The object Lower had in producing De Corde was to add to the description of the circulation those further points which Harvey had promised, but had never had printed. These points, and others which Lower added, were an account of the structure and movement of the heart, the accurate estimation of the velocity and quantity of the circulating blood, and a clear picture of the difference in colour of venous and arterial blood. He did not set out to give a complete account of the heart, or an exposition of all its states and conditions, only a fuller description of its structure and movement, and a critical study of those anomalies, the understanding of which was likely to advance practical medicine. He also added a chapter on the nature of the chyle and its passage into the blood, some original observations on the structure of skeletal muscles and on the outflow of serum from the cerebrum, and a chapter on transfusion.
He first discusses the position of the heart in various animals, and the pericardium, which he finds always associated with the heart, even in the smallest animals examined. He notes the adherence of the pericardium to the diaphragm in man, and its non-adherence in quadrupeds; he shows the coagulable nature of its contained fluid. The function of the pericardium is to lubricate the surface of the heart by means of this fluid, and also to separate the heart from any diseaseprocess in surrounding organs. He discusses the greater left deflection of the apex of the human heart, gives an account of the coronary vessels and their apical anastomoses, and shows that these vessels supply the heart with its nourishment. He describes the nerve-supply of the heart, and states quite clearly that the heart is a muscular organ, and more carefully fashioned than any skeletal inuscle. He then goes on to say that all muscles 1 are built on a simple plan, each one having two tendons, into which are inserted two sets of muscle-fibres coursing in mutually opposite directions; all simple skeletal muscles are thus two-bellied, and a, complex muscle like the deltoid is formed of a number of such units. Similarly the heart-muscle has in general double sets of fibres passing in opposite directions to end in the tendon at the base of the heart, the external layer passing into the internal in a whorl at the apex. For the dissection of these layers the heart must be previously well-boiled. The left ventricle is thicker-walled than the right; the capacities of the ventricles are equal, but that of the right auricle exceeds that of the left. The outer surface of the heart is smooth to allow of easy movement, the inner surface is corrugated to allow closer contraction in systole. The function of the papillae and valves is discussed in a modern manner, and the muscular character of the termination of the vena cava in the right auricle is noted. The swelling formed at the meeting of the vense cavea is described, and is assigned the function of diverting into the auricle the blood descending the vena cava superior.' Lower next speaks of the aortic arch, and of the reason why the arteries leaving it do not do so at right angles. He gives a description of the anatomy and physiology of the foramen ovale and ductus arteriosus. The first chapter concludes with a brief account of the comparative anatomy of the heart, and a statement that it is muscular in substance in all the animals, a large number indeed, which Lower dissected.
The second chapter, on the movement of the heart, resumes on the note on which the first terminated. Hippocrates and the earlier physicians called the heart a muscle, and Harvey showed that its movement, too, was muscular. Lower is therefore surprised that Descartes and others should state its movement to be dependent rather on the blood, and he refutes their views by theoretical and experimental considerations. He shows that the excised heart, though emptied of blood, continues to beat, even when cut into small pieces, and that the eel's heart will resume its pulsation, on mechanical stimulation, several hours after its removal from the body. So ebullition of blood is not the cause of the heart's movement, as Descartes advanced. This Lower proves even more conclusively by an experiment which was perhaps the forerunner of those which he did later on transfusion. In turns he withdrew blood from a dog and injected a mixture of beer and wine, until the substitution of the latter for the former was almost complete. Yet the heart-beat " became only slowly more feeble, so that practically the whole of the blood was replaced by beer before life was replaced by death. It is easier to produce an experiment, however, than to produce conviction, and I may, therefore, perhaps be allowed to add this one story," he says, and goes on to cite a striking clinical parallel in confirmation. In similar fashion he disproves the idea that the blood's movement is due to its being heated during its passage through the heart. He next gives a more detailed account of the muscular movements of the heart and their great vigour. He shows their dependence on nerve-supply, and describes the calamitous result of vagus ligature, though, naturally, in view of the neurophysiology of his day, he interprets this wrongly. He passes on to a consideration of the interdependence of heart and brain, and the dependence of both upon the stomach. The rest of the chapter is concerned with clinical details and experimental investigations of variations and disorders of the circulation, the results of interference to the blood-flow in large and small arteries and veins, the mechanism of cedema formation, the venous return, the cranial sinuses, and kindred subjects. To summarize this wealth of detail here would be too long a task; it forms a remarkable correlation of scientific and clinical observations, and inspired Portal to write that Lower-est peut-8tre de tous les Auteurs celui qui a le mieux su ramasser dans un petit volume tant de faits importans a la pratique de la Medecine & a la Physique du corps humain; & comme il en connoissoit la structure & qu'il etoit intimement persuade de ]'utilite de l'Anatomie dans la pratique de la Me'decine, il n'a jamais marche qu'a la lueur de son flambeau.
The third chapter, on the movement and colour of the blood, begins with quantitative estimations of the output of the heart, and of the rapidity of the blood-flow, which show'Lower to be a worthy successor of Harvey and predecessor of Stephen Hales (1677-1761). On these follows an account, important in the history of respiration, of the difference in colour of venous and of arterial blood.Y It is preceded by an interesting paragraph, which shows Lower's scientific attitude so clearly that it is worth quoting here:
I have spoken elsewhere of the different returns of the two kinds of blood, and of the sources from which they are derived. I have also in the same place discussed their colour-variation and the cause of this very noticeable difference between them. But, as I relied more in this matter on the authority and preconceived opinion of the learned Dr. TVillis than on my own experience, and confused too far the torch of life with its torchbearer; as, too, the lapse of time has now taught me differently, I shall not be loth to exchange my former view for a better one. It is not my intention to attack the beliefs and opinions of others, or to bring scorn on myself by changing my own, but what is suggested by reason and confirmed by experience carries more weight with me and will always have my allegiance. (De Corde, He then goes on to show that the arterial blood owes its red colour to admixture of air in the lungs, and that the venous blood owes its dark colour to loss of air during its passage through the body.
From this it is easy to imagine the great advantage accruing to the blood from the admixture of air, and the great importance attaching to the intaken air being always healthy and pure; one can see, too, how greatly in error are those who altogether deny this intercourse of air and blood. WVithout such intercourse, anyone would be able to live in as good health in the stench of a prison as among the most pleasant vegetation. Wherever, in a word, a fire can burn sufficiently well, there we can equally well breathe. (De Corde, In the fourth chapter, Lower proceeds to a description of the one discovery, for which he claims priority in a way that is more in keeping with twentieth-century than with seventeenth-century procedure. The history of transfusion is adequately given elsewhere [3, 4] , and we can safely assign the credit to Lower for the innovation, even if we admit that Denys of Paris was the first to carry out transfusion on a human subject.
With regard to Libavius, who is the only serious competitor for priority, the situation is remarkably akin to that which obtained in the sixteenth century in respect of the venous valves. Fabricius really discovered these structures, in the sense that he made them generally known and accepted, and Canano and others have not his claim to fame, because they did not publish their knowledge in the same way. For just such reasons, Lower may be given the credit for transfusion, despite any defence made on behalf of Libavius.
The fifth chapter of De Corde gives a description of the passage of chyle into the blood, which is supported by many ingenious experiments, and it and the book end with a sentence which is worthy of quotation here.
The cause of our life consists in this alone, that the blood in its continuous passage through the whole of the body carries round heat and nutriment to all the organs, and that ever-fresh chyle passes into the blood in due measure and amount, restoring with equivalent supplies the daily loss of blood-fluid and refreshing it with its continuous inflow.
The third edition of De Corde, published in 1671, contains also Lower's Dissertatio de Origine Catarrhi, which, with Schneider's De Catarrhis, overthrew the old Galenical idea that the nasal secretions originate in the pituitary body (Garrison). Lower and Schneider localized catarrh in the air-passages and did away with the endless recipes for " purging the brain " (Neuburger, ibid.).
Lower may well have felt that he had graduated in the medical science of his day. There was scarcely a single system of the body which he had not touched upon in his anatomical and pbysiological researches, and there is abundant evidence that he was at the same time a doctor of considerable experience and ability, even before he left Oxford. De Corde, then, a volume peculiarly his own, may be regarded as a farewell to his many years of scientific work at Oxford, and thereafter he found his proper sphere in medical work in London. There, first as assistant to Willis, and after Willis' death as the leading doctor in the metropolis and court physician, he carried into effect in practical medicine the lessons his years of scientific training had given him. There was no one whose practice was larger, and, despite the turn of fortune he suffered through adherence to Whig principles in 1678, we find him attending Lower's reputation as a doctor was widespread, and the posthumous collection of his " and several other Eminent Physicians Receipts " reached its fourth English edition in 1716. It was also translated into German, and to the 4th edition, Leipzig, 1710, was attached a description of his barley-water panacea.
I have now been engaged for a year, in my spare time, in accumulating details of Lower's life, in translating De Corde, and in making this account, however imperfect, of his work. Two special incentives have been that this year (1931), in which I write, is the tercentenary of Lower's birth, and that he spent his scientifically productive years in Oxford. The work has been done with pleasure at the suggestion of a friend; it is hoped that it may be of interest to others, and make more vivid the personality of Richard Lower, and the value of his contribution to medical science. Interest in Lower is keen in St. Tudy, Cornwall, where he was born and where he was buried, and, although no stone marks his resting-place, his memory is prized there, I am told; I hope it will be equally so among his medical descendants, for he is assuredly worthy of such recognition.
